 This paper reports differences in gradient variations (∆Ms/∆T) of chloride ion transport behavior of mortar and concrete, as determined using the accelerated chloride migration test (ACMT). with a water/cement ratio of 0.45 and fine aggregate volume fractions of 60%, under different environment temperatures (25, 40, 60 and 80C) were evaluated according to the passage of chloride ions through the specimens using ACMT. The Nernest-Planck equation and a modification of Fick's second law were used to calculate the steady-state chloride migration coefficients. For the temperature at different levels of 25 C to 80 C, the chloride ion diffusion coefficients (Ms) in order of magnitude were M45>C45>SF45.
INTRODUCTION
Temperature is one of the fundamental factors affecting the pore structure of mortar and concrete, which makes it an important factor in ion transport. Diamond and Mindess [1] reported that the mechanical and ion transport properties of mortar and concrete materials are largely influenced by pore structure. The hydrated matrix surrounding fine aggregate presents a distinct water/cement ratio gradient in the area proximal to the interface, in a layer referred to as the interfacial transition zone (ITZ) [1] . ITZ has a higher concentration of calcium hydroxide crystals and porosity far exceeding that of the matrix paste [2, 3] .
The size of pores and extent of micro-cracking has been shown to increase in specimens stored at temperatures of 40 C, 60 C, or 80 C over a period of 56 days, even after undergoing curing in water for 28 days. These effects have been shown to increase the ion transport properties of mortar and concrete, due to the effects of dilution, tortuosity, and percolation between the ITZ and the surrounding paste [4] .
Currently, the effects of temperature on the transport properties of mortar and concrete have yet to be fully elucidated. In the past, the conventional diffusion test methods was evaluated the chloride diffusion characteristics of cement-based materials (mortar and concrete) using measuring the steady state flow across the specimens and the chloride diffusion coefficient cab be calculated using Fick's first law. And the rapid chloride permeability test (RCPT) has been widely used to evaluate the quality of cement-based materials (mortar and concrete) as well as also was a convenient and rapid method to estimate the chloride penetrability of cement-based materials. However, the RCPT results give only qualitative information and the chloride ion would not penetrate across the specimens during six hours duration. The accelerated chloride migration test (ACMT) is a modified version of RCPT and in which the concentration of chloride ions in the anode cell is obtained using an automatic potentiometric titrator as well as the processes of ion transport in solution is described using Nernst Planck equation. In addition, the ACMT equipment can be avoid producing the heat that may affect the flow speed (so called as Joule effect).
This study used the ACMT to investigate the ion transport properties of mortar stored at 40 C, 60 C, and 80 C for 56 days [2] [3] [4] . Our aim was to determine the steady-state migration coefficients in unheated (air, 25 C) and heated mortar and concrete specimens.
EXPERIMENTS

Materials and Specimen Preparation
Mortar and concrete is a cement-based composite comprising fine aggregate embedded within a matrix of cementitious paste [5] . In this study, mortar and concrete specimens with a water/cement ratio of 0.45 were prepared using ASTM Type I Portland cement, water, and superplasticizer. In characterizing the influence of aggregate on the chloride migration coefficient of mortar and concrete, the volume fraction of fine aggregate in the mix proportions (V f = 60 %), as shown in Table 1 . Cast cylindrical mortar and concrete specimens (ø100 × 200 mm) were cured in water (23 ± 2 degree) for 28 days and then stored at 40 C, 60 C, or 80 C for 56 days in an oven. Samples were cut from the middle section of the cylindrical specimens and the thickness of the specimen was 30 mm due to reduction the Joule effect [2, 3, 5] , whereupon the lateral surface was coated with epoxy before being placed in vacuum desiccators at a pressure of less than 1 mm Hg (133 MPa) for 3 h.
The specimens were then immersed in water 18 h prior to ACMT, in accordance with ASTM C1202 specifications.
Experimental Procedure
The ACMT was used to measure the cumulative concentration of chloride ions that passed through the specimens, as shown in Figure 1 . We employed a modified version of the RCPT method in accordance with ASTM C1202 [6, 7] .
The specimens were placed between two acrylic cells with #20 brass mesh screen electrodes (10 cm diameter) placed against the sides of the specimens. In ACMT, electrical fields are manipulated to pass through specimens. In this case, one cell was filled with 4500 ml of 0.30N NaOH solution and the other cell was filled with 4500 ml of 3.0 % NaCl solution. As shown in Figure 1 , the two cells were connected to a 24-V DC power source with the NaOH electrode acting as the anode and the NaCl electrode acting as the cathode [6, 7] . The chloride concentration in the anode cell was measured periodically using an ion chromatograph.
RESULTS AND DISCUSSION
ACMT provides a method by which to characterize the permeability of materials. The chloride concentration was determined by sampling the solution in the anodic cell of ACMT. As shown in Figure 2 , this process includes three stages: non-steady-state, transition period, and steady-state [2, 5] .
Steady-state Chloride Migration Coefficient
The steady-state chloride migration rate (K) was calculated using linear regression based on experiment data, in order to determine the extent of chloride ion penetration, as follows:
C=Kt+c, for steady state (1) As shown in Figure 2 , the Nernst-Planck equation was used to calculate the steady-state migration coefficient, Ms , as follows [8] :
where V is the volume of the solution in the anodic cell (m 3 ), and A is the surface of the specimen exposed to chloride ions (m 2 ). The chloride migration rate (K) was then inserted into Eq. (2) to calculate the steady-state migration coefficient (Ms) of all specimens, as shown in Table 2 . 
Gradient Variations (∆Ms/∆T) in the Chloride ion Diffusion Coefficient
The chloride ion transport behavior of cement-based materials is affected by the temperature at which it is stored. Table 3 shows that the steady-state migration coefficient of mortar increases with temperature due to the effects of micro-cracking caused by an increase in temperature associated with percolation the formation of ITZs [9] . In mortar with a fine aggregate volume fraction of 60%, the steady-state migration coefficient of Ms45_40 was 1.57  that of Ms45_25, the steady-state migration coefficient of Ms45_60 was 2.75  that of Ms45_25, and the steady-state migration coefficient of Ms45_80 was 2.79  that of Ms45_25. as shown in Table 3 . As shown in Table 4 , in specimens with fine aggregate volume fraction of 60%, the ∆Ms/∆T of specimens stored at 25~40℃ was as high as 0.77×10 -12 m 2 /sec. Specimens stored at 40~60℃ presented the highest ∆Ms/∆T of 1.2×10 -12 m 2 /sec and specimens stored at 60~80℃ presented a ∆Ms/∆T of 0.05×10 -12 m 2 /sec. In terms of the migration coefficient of mortar in steady-state, specimens stored at 40~60℃ presented the highest ∆Ms/∆T, while specimens stored at 60~80℃ presented the lowest ∆Ms/∆T. 
Differences between the Chloride ion Diffusion Coefficients of Mortar and
Concrete
This section primarily examined the chlorine ion diffusion coefficients (Ms) of mortar specimens with a water-cement ratio of 0.45 and 60% fine aggregates, which were stored at various temperatures (25C, 40C, 60C, and 80C). We then compared the results with those of concrete specimens under the same conditions (mixture proportions presented in Table 5 ) in [10] . 
Differences between the chloride ion diffusion coefficients of mortar and concrete
In this study, we employed the same amount of aggregate as that used in [10] (V f =60 %) in order to observed differences in the chloride ion diffusion coefficient between mortar and concrete. As shown in Table 6 , mortar and concrete both presented an increase in chloride ion diffusion coefficients (Ms) with temperature from 25 C to 80 C, as follows: M45 (2.79x increase), C45 (1.42x increase), and SF45 (2.27x increase). This can be attributed to the fact that an increase in temperature led to an increase in the number of hairline cracks and links between them, which provided pathways for diffusion. Regardless of temperature, the chlorine ion diffusion coefficient (Ms) of M45 was the highest, followed by the Ms of C45 and then the Ms of SF45. The Ms of SF45 ranged from 8% to 12% of the Ms of M45, the Ms of C45 ranged from 17% to 34% of the Ms of M45, and the Ms of SF45 ranged from 35% to 56% of the Ms of C45.
Concrete is more resistant than mortar to the ingress of chlorides due to the dilution and tortuosity effects introduced by the coarse aggregate.
The diffusion coefficient of mortar is greater than that of concrete due to the fineness of the particles which provide greater surface area, which increases the contact between particles and the surrounding cement. As shown in Figure 3 , the ITZ reduces resistance to the diffusion of chloride ions. Compared to concrete, a greater proportion of the mortar is made up of ITZ; therefore, chloride ion diffusion is more prevalent. Figures 3 illustrates the diffusion behavior in the interfacial transition zone (ITZ).
As shown in Figure 4 , concrete containing fly ash and slag (SF45) is superior to pure concrete (C45) in their resistance to the ingress of chlorides, due to an increase in the density of the cement paste following the pozzolanic reaction of the fly ash and slag. Table 7 shows that in the mortar and concrete specimens, the gradient of increase in the chlorine ion diffusion coefficient increased with temperature. These gradients were far greater than those of the concrete specimens (C45 and SF45). Between 40C and 60C, the chlorine ion diffusion coefficient of the M45 group increased the most; i.e., 1.2×10 -12 m 2 /sec for every 1C. The changes in the chlorine ion diffusion coefficients of C45 and SF45 were more moderate (compared to changes in the chlorine ion diffusion coefficient of M45) due to the dilution effect and tortuosity effect of the coarse aggregate in the concrete [11] .
CONCLUSIONS
This study demonstrated how the transport properties of mortar and concrete are influenced by temperature (25, 40, 60 and 80℃). Based on the results obtained in these experiments, the following conclusions can be drawn:
1. The mortar specimens (M45) For 60 % volume fraction specimens in the steady-state, the migration coefficient (∆Ms/∆T) was up to 0.77×10 -12 , 1.20×10
-12
and 0.05×10 -12 m 2 /sec for 25~ 40℃, 40 to 60℃ and 60~80℃, respectively. 2. The mortar specimens under in terms of the steady-state migration coefficient of mortar, the ∆Ms/∆T of specimens stored at 40~60℃ is the highest, while the ∆Ms/∆T of specimens stored at 60~80℃ is the lowest.
3. The chloride ion diffusion coefficients of mortar and concrete increased as temperature increased significantly (from 25 C to 80 C). For the M45, C45, and SF45 specimens, the diffusion coefficients were multiplied by 2.79, 1.42, and 2.27 times, respectively.
4. For the temperature at different levels of 25 C to 80 C, the chloride ion diffusion coefficients (Ms) in order of magnitude were M45>C45>SF45. SF45 specimens was lower than M45 up to 8 ~12 %; C45 was lower than M45 up to 17~34 %; and SF45 is lower than C45 up to 35~56 %.
5. For the chloride ion diffusion coefficients, the gradient of temperature increased as the temperature rose significantly especially for C45 and SF45 specimens, which displayed more moderate variations due to the dilution effect and tortuosity effect of the coarse aggregates.
